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Effect of various protein diets on growth, renal function, and
survival of uremic rats. The effects on growth, renal function, and
survival of three isocaloric diets of various protein content (14,
27, and 37 g/l00 g in diets I, II, and III, respectively) were
compared in uremic rats and in controls. Diet I provided the min-
imal requirements in all amino acids for growing rats. In controls
fed ad lib, weight and length gain were better with high protein
diets, whereas they were inversely related to the diet protein
content in uremic rats. The higher the protein intake, the higher
the progressive elevation of BUN and serum creatinine and the
mortality rate. Because proteins were supplied by fish flour, their
increase was associated with increased mineral content, and the
conclusions are restricted to the use of natural proteins: a moder-
ately restricted protein diet securing only the minimal require-
ments had a beneficial effect on growth and survival of rats with
reduced kidney mass. Avoiding any excess in proteins from the
early stage of renal disease is suggested.
Effets de regimes variables en proteines sur Ia croissance, Ia fonc-
tion renale, et Ia survie des rats en insuffisance renale. Les effets
sur Ia croissance, Ia fonction rénale et la survie de trois regimes
isocaloriques I, II, et III, de teneur variable en protides (14, 27 et
37 g/100 g, respectivement) ont été dtudiés chez des rats en in-
suffisance rénale et chez des témoins. Le régime I apportait le
minimum nécessaire en chaque acide amine pour assurer une
croissance normale chez des rats normaux. Chez les témoins, Ia
croissance en poids et en taille était d'autant meilleure que le
régime était plus riche en protides. Chez les néphrectomisés au
contraire, Ia croissance Ctait d'autant plus ralentie que Ia teneur
en protides du régime était plus élevée. De plus, chez les
urémiques, l'élévation de l'urée et de la créatinine sanguines, et
la mortalité par insuffisance rénale terminale Ctaient d'autant
plus précoces que le régime était plus riche en protides. Les pro-
tides étant fournis par de Ia farine de poisson, leur augmentation
était associée a une augmentation de Ia teneur en éléments mm-
éraux. Les conclusions sont limitées a Ia teneur du régime en
protéines naturelles, fournies par l'alimentation usuelle. Dans
ces conditions, un régime limité en protides a permis une crois-
sance normale et une survie prolongée. On peut supposer
qu'une restriction protidique modérée serait bénéfique chez
l'enfant des qu'il existe une insuffisance rénale modérée.
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The causes for stunted growth in chronic renal
failure in the absence of acidosis, hemoconcen-
tration, or osteodystrophy remains poorly under-
stood. Nutritional factors have been implicated,
but their role in growth delay remains to be elu-
cidated. Reduced food intake has been demon-
strated in patients [1—5] and in animals [6—8] with
impaired renal function. Its relation to growth has
been strongly suggested [1, 2, 5]and is supported by
experimental studies [7, 8] but it has not been dem-
onstrated in clinical practice [4, 9]. Restricted pro-
tein diet has been incriminated as causing anorexia
and chronic malnutrition. The similarity between
chronic undernutrition and chronic renal failure has
been emphasized [2] and raised as evidence for the
responsibility of anorexia in many symptoms of ure-
mia, including growth retardation, decreased serum
albumin and transferrin [10-12], reduced lean body
mass, modification in serum amino acids [12-14],
and decreased muscle protein content [11]. These
symptoms are usually found in patients whose ni-
trogen intake is above the minimal requirements for
normal subjects defined by the World Health Or-
ganization, that is, 100 to 160 mg/kg/day in children
older than 4 years, and 80 mg/kg/day in adults [15].
Furthermore, Wang et al [16] found a decreased
protein efficiency ratio in experimental renal failure.
From these data it has been suggested that the pro-
tein requirements are increased in uremia, possibly
due to increased catabolism, and that unrestricted
or high protein allowances would ensure a better
nutritional status and growth [10-12, 16]. The di-
lemma is, however, how to provide sufficient calo-
rie and protein intake to warrant a satisfactory nu-
tritional status without increasing uremic toxicity.
The present experiment has been undertaken to
elucidate the consequences of different protein diets
on growth, renal function, and survival of rats with
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moderately impaired renal function obtained by
partial nephrectomy.
Methods
Male weanling Wistar rats aged 24 days and
weighing approximately 60 g on the first day of sur-
gery were used for the experiment. Moderate renal
insufficiency was obtained by a two-stage proce-
dure: removal of three fourths of the left kidney on
day 1, and right nephrectomy on day 4. Control rats
underwent sham operations (exteriorization and
capsulectomy of both kidneys on days 1 and 4). The
early mortality rate was low (15%). The study prop-
er began 1 week later, on day 10, when the post-
operative shock and acute renal failure had re-
gressed and a steady state was obtained. At that
time, serum creatinine was measured in all animals.
Nephrectomized rats were matched according to
their serum creatinine concentrations and were dis-
tributed into three groups for experiments I, II, and
III. During the study, all rats were housed in indi-
vidual bottom-screened cages with controlled tem-
perature (25° C) and light cycle of 12 hours.
Experimental protocol. Experiments I, II, and III
used, respectively, diets I, II, and III, and followed
the same protocol. (1) During the first month (from
day 10 to day 40 after surgery), three groups of rats
were compared: nephrectomized uremic rats fed ad
lib (UI, UII, and Ulil), controls fed ad lib (CI, CII,
and CIII), and controls pair-fed (CPF) with the
nephrectomized rats. Food intake of each experi-
mental animal was measured every day. (2) During
the following months, pair-feeding was discontin-
ued, and the study was restricted to groups C and
U. Food intake was measured only 1 week every
month. Weight, length, blood pressure, and biologi-
cal parameters were checked once a month during 6
months in the surviving animals. Blood pressure
was not measured in pair-fed controls, since they
were too excited to allow a valuable measurement
without anesthesia.
Diet. The three experiments compared the effects
of three diets differing exclusively in their protein
content, which was respectively 14% of weight for
diet I, 27% for diet II, and 37% for diet III, accord-
ing to the nitrogen assay. The 14% protein content
provided the minimal requirements for maximal
growth in growing rats [17, 18], 27% was near or
just above the recommended allowances for normal
rats [19], and 37% was an elevated protein content.
Proteins were provided by fish flour that had a high
biological value. Each diet was hydrolyzed by 6 M
hydrochloric acid. The amino acids were analyzed
in the supernatant by liquid chromatography with
sodium buffers and the ninhydrin reagent. The
amino acids content of the diets is reported in Table
1. Other calories were supplied by peanut oil, sac-
charose, and cornstarch. The three diets were
isocaloric (420 kcal/lOO g) so that proteins provided
13, 26, and 35% of total calories, respectively, in
diets I, II, and III. Mineral and vitamin supplements
were equal in the three diets, affording 0.46 g of so-
dium, 0.47 g of calcium, 0.48 g of phosphorus, and
50 U of vitamin D per 100 g of diet. Since the fish
flour afforded additional electrolytes, the respective
content of the three diets was 0.67, 0.89, and 1.05%
for sodium, 0.98, 1.28, and 1.58% for phosphorus,
and 0.94, 1.37, and 1.70% for calcium. The three
diets were dry (less than 4% water), had a pasty
consistency, and were distributed in cups provided
with a holed movable lid to prevent spillage. All rats
had free access to tap water.
Measurements. With the animals anesthetized
with ether, their weight, total body length, and tail
length were measured at the onset of the study (1
week after surgery) and every month thereafter to
an accuracy of 1 g and 1 mm. At the onset and at
monthly intervals blood samples were taken in the
jugular vein to measure serum creatinine, BUN,
plasma bicarbonate, sodium, chloride, and potas-
Table 1. Amino acids and protein content of diet I, compared
to the minimal requirements for maximal growth
according to Rama Rao [17]a
Diet I
gIIOO g
Requirements for
growing rats
gIIOO g
Cystine
Methionine 0.19 0 670.48 0.34 0 500.16
Tryptophane5 0.15
Threonine 0.66 0.50
Valine 0.76 0.55
Isoleucine 0.64 0.55
Leucine 1.11 0.70
Tyrosine
Phenytalanine
0.44 1 040.60 1 0.30 0 720.42
Aspartic acid 1.50 0.90
Serine 0.63
Glutamic acid 2.06
Proline 0.52
Glycine 0.99
Alanine 0.97
Lysine 1.20 0.90
Histidine 0.30 0.25
Arginine 0.90 0.90
Total amino acids 13.95
Total proteins
(nitrogen x 6.25) 14 10
a The amino acid content of diets II and III (27 and 37% of
proteins) per gram of nitrogen was identical to that of diet 1.
b Not measured
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sium with an autoanalyzer (Technicon). At the end
of the first month, half the rats in each group were
placed in individual metabolic cages to collect 24-
hour urine samples and to determine diuresis and
creatinine clearance. Blood pressure was measured
every month on the tail of conscious rats with
an electrosphygmomanometer (PE-300, Roucaire).
The kidneys of three rats fed diet III were taken at
the time of death for histologic examination. Statis-
tical comparisons were made with Student's t test
or the x2 test.
Results
Food consumption. Food intake was similar in
the three control (C) groups during the first month
(81 3, 76 3, and 75 3 kcal/day in groups CI,
CII, and CIII); (Table 2). It was significantly higher
(P < 0.001) than it was in each of the nephrecto-
mized uremic (U) groups. In U rats, mean calorie
intake was inversely related to the diet protein con-
tent, and Ulil rats had a significantly lower food
consumption than did UI rats (46 vs. 59 3
kcal/day, P < 0.01). Despite decreased food intake,
the mean nitrogen intake was higher in rats fed high-
protein diets.
Growth. Mean weight and length of U and C rats
are reported in Fig. 1. The number of U rats surviv-
ing beyond 3 months was too small to allow any
valuable comparison after this delay. Since the first
measure was performed I week after surgery, there
was a slight difference between C and U rats at the
onset of the study. Weight and length curves were
not similar. U rats had a significantly lower weight
gain than controls did: the difference was significant
whatever the diet used at the end of the first month
(Table 2), and increased subsequently. Regarding
length, only Ulli rats had a marked and persisting
decrease in growth rate (Ulil vs. CIII, P < 0.01);
the difference between Ull and CII did not reach
significance, and UI rats had the same linear growth
gain as CI rats had. Regarding both weight and
length, the higher the diet's protein content, the
higher the growth rate in controls fed ad lib and the
lower the growth rate in nephrectomized rats. How-
ever, the differences in weight between the three U
groups developed later than the difference in length
did. The latter was significant (UI vs. Ulli, P <
0.01) from the end of the first month, when the dif-
ference in weight was still tenuous and far from sig-
nificant.
Because of the delay between surgery and the
start of pair-feeding, controls pair-fed, as well as
controls fed ad Jib, had initially higher weights and
lengths than U rats had. During the pair-feeding pe-
riod, their weight gain was similar to that of corre-
sponding U rats (88 5, 90 7, and 78 4 g for
CPF I, II, and III, respectively), so that their final
weights (210 7, 209 11, and 201 6) were high-
er than were those in U groups, although lower than
were those in C groups. Their final length (35.5
0.4, 35.1 0.7, and 35.0 0.4 cm) was very near
that of the U rats, due to a slightly decreased linear
growth rate. None of the differences observed be-
tween CPF and corresponding U, however, reached
statistical significance.
Nutrition and growth. Taking into account all U
rats from the three experiments, there was a posi-
tive significant correlation between calories ingest-
ed and linear growth gain (r = 0.57, P < 0.01; y =
0.02x + 0.9). This relation was identical in pair-fed
controls (r = 0.49, P < 0.01; y = 0.02x + 0.9). By
contrast, no such relation could be found in controls
fed ad lib. Comparing linear growth to nitrogen in-
take in U rats, two groups of rats could be sepa-
Table 2. Results obtained at the end of the first month of the study*
U! CI Ull CII Ulli CIII
(N 10) (N = 8) (N = 8) (N = 8) (N 9) (N 8)
Weight gain,g 90 8 118 10* 94 4 138 13** 82.0 3.6 156 6.5*
Lengthgain,mm 75.0 4.7 72.0 7.1 71.0 4.5 76.0 5.1 59.0 1.6" 87.0 4.0***
Calorie intake,kcal/day 59 3 81 3*** 50 4 76 3*** 46 1" 75 2***
Nitrogen intake,g/day 0.31 0.02 0.46 0.02*** 0.52 0.04 0.78 0.03*** 0.65 0.01" 1.06 0.03
Serum creatinine,rng/dl 0.86 0.03 0.50 0.03* 1.01 0.10 0.55 0.03*** 1.18 0.08" 0.57 QØ4***
BUN, mgld/ 30 1 16 Ø•5*** 63.5 5 22 1* 73 3" 27
Serum bicarbonate, 24.6 1.0 23.4 0.7 21.0 1.0 24.6 1.0** 22.2 1.0 24.3 0.7
mEqiliter
Blood pressure 150 5 115 4*** 152 11 116 3** 114 9 119 3
mm Hg
a Abbreviations are defined as U, nephrectomized rats; C, control rats fed ad lib; I, II, III, diet protein content (nitrogen X 6.25) of 14,
27, and 37% of weight, respectively. Biological data were identical in C rats fed ad lib and in control rats that were pair-fed. Values
represent means SEM.
b Symbols denoting statistical significance are as follows: * < 0.05; < 0.01; ***D < 0.001: difference between C and correspond-
ing U. P < 0.05;P < 0.01; P < 0.001: difference between Ulil and UI, or CIII and CI.
rated: in rats ingesting less than 0.40 g of nitrogen
per day, the relation appeared as positive, though
far from significant; in the 15 rats ingesting more
than 0.4 g nitrogen per day, there was a negative
significant relation between growth and nitrogen in-
take (P < 0.05). Data were similar in CPF, whereas
growth gain remained positively related to nitrogen
intake in C rats fed ad lib.
Renalfunction. The mean initial serum creatinine
level was identical in the three groups of U rats (0.9
0.03 mg/dl) and was twice the level of controls
(0.45 0.03 mg/dl, P < 0.001) with a mean creati-
nine clearance reduced to one third (0.6 vs. 1.65 mu
mn, N = 14 and 17, respectively) of controls. In
group C, the serum creatinine increased slowly dur-
ing the study and reached 0.8 0.03 mg/dl 3 months
after onset, remaining identical whatever the diet.
Conversely, marked differences between the 3 U
groups developed and increased progressively: the
higher the protein diet, the more rapid the rise in
uJ
Co
+
E
-c
C
C
0
creatinine levels. The difference between UI rats
and Ulil rats was significant (P < 0.01) after 30
days (Table 2). After 2 months, the mean values in
the surviving rats were 1.5, 1.7, and 2.2 mg/dl, re-
spectively, in UI, Ull, and Ulli rats. BUN level
was related to protein diet in controls as well as in
uremic rats.
In U rats, high-protein diet was associated with a
major polyuria reaching 60 mllday in group UlIl (5
to 6 ml in controls) and was associated with a mild
acidosis in group Ull and Ulli (Table 2), which did
not increase after the first month of the study.
Plasma sodium, potassium, and chloride were nor-
mal in all groups. Mean blood pressure was ele-
vated in groups UI and Ull, whereas all UlIl ani-
mals were normotensive during the whole course of
the experiment.
Mortality rate was higher in rats fed hyperprotein
diets (Fig. 2). The difference in surviving U rats was
significant comparing UI and Ulil after 12 weeks,
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Fig. 1. Evolution of weight and length in controls (interrupted lines) and nephrectomized (continuous lines) rats. Symbols U, •, A
represent nephrectomized rats UI, Ull, Ulil fed 14%, 27%, and 37% protein diets, respectively. Symbols, LI, 0, represent controls
CI, CII, CIII fed ad lib 14%, 27%, and 37% protein diets, respectively.
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Fig. 2. Survival in the three groups of nephrectomized rals. Symbols U, •, A represent nephrectomized rats UI, Ull, Ulli fed the 14%,
27%, and 37% protein diet, respectively.
and comparing Ull and UI after 20 weeks (P <
0.05). C rats were alive and in apparent good health
at 7 months of age.
The kidneys of three Ulil rats were taken just at
the time of death and were examined by light mi-
croscopy. Glomeruli and tubules were markedly en-
larged. Glomerular changes were prominent and
were characterized by a diffuse increase in mesan-
gial matrix and by focal lesions involving 60 to 90%
of glomeruli. These lesions consisted of segmental
or complete obliteration of the tuft, due to capillary
collapse and sclerosis, and/or to capillary lumen ob-
struction by subendothelial hyaline deposits and
foam cells. The affected parts of the glomeruli were
most often encompassed within an abundant, faint-
ly periodic acid-Schiff-positive material adhering to
the Bowman's capsule. There was no epithelial pro-
liferation. Extensive interstitial fibrosis and tubular
atrophy roughly paralleled the glomerular changes.
Vessels were normal. With the von Kossa tech-
nique, no calcium deposit was observed.
Discussion
The present study deals with moderate renal in-
sufficiency as usually obtained by subtotal nephrec-
tomy [6-8]. As previously described [7, 8], such a
reduction of renal function resulted in a marked re-
duction of food intake and weight gain, whatever
the diet used. The magnitude of the disturbances,
however, was related to the diet's protein content.
Anorexia and growth failure were maximal with
high-protein diet, whereas U rats fed diet I (14%
proteins) had an almost normal linear length gain
despite significantly reduced food intake and weight
gain. The 14% protein supplied by fish flour pro-
vided the minimal requirements in nitrogen and in
each essential amino acid for maximal growth in
growing rats [17, 18]. Increase of the protein diet
content above this level had adverse effects on ap-
petite and growth of rats with decreased renal func-
tion. This effect is underestimated in Fig. 1, since
the more affected animals died during the study: at 3
months, three of eight UTI rats and two of nine UTIT
rats were alive. In a prior study [7], we found that a
deficient protein diet (7%) retarded growth, and that
the addition of small amounts of essential amino
acids and histidine, leading to a total protein con-
tent of only 8.25%, restored a normal growth. Both
deficient (7%) and high-protein (37%) diets had sim-
ilar adverse effects on growth in nephrectomized
rats, despite opposite effects in normal controls;
both 14% and amino acid-supplemented diets had a
beneficial effect on growth. Whatever the diet used,
changes in growth rate paralleled changes in food
intake.
The absence of a close relationship between
weight and length in U rats should be stressed.
Weight is most often the only parameter taken into
account in animals to assess growth. Even if weight
and length have been demonstrated to be parallel in
normal growing rats, it cannot be concluded that
weight remains a satisfactory index for growth un-
der unphysiologic conditions. Using comparable
protein contents to diets I and III, McDonnel et al
(in Ref. 2) concluded that growth was not affected
by the protein diet. Thus, their conclusion was op-
posite to that of the present study, although the fig-
ures observed (identical weight after a relatively
short period) were similar. UI and UTI rats showed
a normal or nearly normal growth increment despite
decreased weight gain. This implies that skeletal
growth was much less affected by the reduction of
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renal function and of food intake than it was by the
increment of other body components, such as
muscle and fat mass.
The importance of anorexia to cause growth re-
tardation has been previously stressed [1, 2, 5], al-
though it has not been confirmed in recent clinical
studies [4]. It is strongly supported by the correla-
tion between growth and calorie intake, and by the
identity of growth between nephrectomized and
their pair-fed controls, which has been previously
reported using different diets [7, 8]. It must be re-
membered, however, that the pair-feeding proce-
dure does not provide similar nutrition, since pair-
fed controls exhibit a tremendous physical activity,
an abnormal timing of eating, and very likely a dif-
ferent utilization of the calories ingested. Further,
pair-feeding either includes the postsurgery period
[7], or deals with rats of higher weight and length, as
in the present study, or deals with rats of similar
weight, hence presumably younger [16].
In the present study, although growth delay was
related to food reduction, growth retardation oc-
curred only when food intake was less than 30% of
controls. Only UlIl rats showed a marked growth
defect which was associated with and probably me-
diated by a major decrease in food consumption.
Whether high-protein diets would remain toxic to
growth in the presence of either normal calorie in-
take or normal carbohydrate and fat content re-
quires further experiments using force-feeding pro-
cedures.
Acidosis, hypertension, and hemoconcentration
are well-known causes for growth stunting. They
can be excluded as a major factor in the present
study. Ull and UlIl rats had a moderate acidosis,
which was similar in the two groups, whereas appe-
tite and growth rate differed greatly. Serum sodium
and protein concentrations were normal in all
groups despite polyuria in UlIl. Blood pressure was
repeatedly normal throughout the study in all UlIl
rats, whose growth was the most affected, and mod-
erately elevated in the others. The difference cannot
be ascribed to sodium intake, which was slightly
higher in the normotensive group. Diet III provided
a major osmotic load without a parallel sodium in-
crease, resulting in polyuria and in a possible ten-
dency to chronic hypovolemia, which remains hy-
pothetic. The possible role of uremic toxicity due to
protein degradation products is suggested by the
present data, although by no means demonstrated.
In the previous papers [7, 20], changes in protein
diets resulted in growth modifications which re-
mained parallel in controls and uremics. The pres-
ent study is the first to disclose a specific toxicity to
growth of a dietary regimen in chronic renal in-
sufficiency.
Besides a toxic effect on growth, the high protein
diet was associated with a rapid deterioration of
renal function. Few sequential clearances have
been performed, and renal function has been esti-
mated mainly on serum creatinine. The responsibili-
ty of exogenous creatinine is not likely since there
was no difference in controls, at variance with BUN
levels, and since the difference was progressive.
The higher the protein intake is, the higher is the
rise in serum creatinine and in mortality rate. Death
may be reasonably attributed to terminal renal fail-
ure since it was preceded by a marked increase in
creatinine and BUN concentrations, and advanced
renal lesions were found in the three examined rem-
nant kidneys.
Whether proteins are directly toxic for the rem-
nant kidney and what the mechanism for such dete-
rioration is may be debated. Lalich et al [21]
showed that histologic lesions identical to those ob-
served here developed in the absence of hyper-
tension in unilateral nephrectomized rats fed either
a high-protein or a high-sodium diet. Several papers
demonstrated accelerated renal lesions in aging rats
due to overnutrition [22], to increased protein or su-
crose intake [23], and they demonstrated the pro-
tective effect of restricted daily allotments [23]. The
lesions developed earlier after unilateral nephrecto-
my. In the present experiment, carbohydrates were
reduced in the more toxic diet, and cannot be in-
criminated. Since proteins were supplied by fish
flour, the increase in proteins was associated with
increased electrolyte content, the responsibility of
which deserves discussion. Because of the different
food consumption, daily sodium intake was nearly
similar in all U groups, and thus could not account
for the differences observed. Phosphorus content
was high in all diets, and increased with proteins, so
that the daily phosphorus intake was 137, 152, and
185 mg in UI, Ull, and UIII rats, respectively. An
adverse effect of such high-phosphorus diet (1 to
2%) to body growth and kidney tissue has been de-
scribed in normal rats [24]. By contrast, in the pres-
ent study, C rats fed the highest phosphorus diet
showed the maximal growth, and fared fairly well
with a normal serum creatinine after 6 months. The
difference may be due to the calcium content, which
increased concomitantly to phosphorus in the pres-
ent study and remained unchanged in the former,
probably leading to severe hyperparathyroidism.
Recently Ibels et al [25] emphasized the protective
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effect of phosphorus-free diet (0.04 g/l00 g) in rats
with seven eighth's nephrectomy, as compared to
normal (0.5%) or high- (1%) phosphorus diets. Rats
fed the restricted phosphorus diet had a steady renal
function, a lower mortality rate (16% vs. 100% after
84 days) and less renal lesions than did rats fed the
normal or high-phosphorus diets, all of whom pro-
gressed to terminal renal failure within 84 days and
developed diffuse kidney calcifications.
Several points may be raised regarding the phos-
phorus-free diet: (1) it requires the use of bovine
fibrin as the sole source of proteins [25], (2) it leads
to unacceptable side effects, such as severe osteo-
malacia and growth arrest [26, 27], (3) it is usually
associated with decreased food intake [26, 27].
Since neither food consumption measurement nor
pair-feeding have been performed, the role of phos-
phorus and protein intake has not been separated.
(4) Comparing our data to those of Ibels et al, pres-
ervation of renal function and prolonged survival
were obtained using either a phosphorus-free diet or
diet I (1% phosphorus) with a mortality rate of 19%
and 10%, respectively, after an 82-day period. (5)
No calcifications were found in the end-stage kid-
neys of rats fed diet III, despite the high-phos-
phorus diet used, a difference possibly due to dis-
similar calcium/phosphorus ratio. Finally, if the role
of phosphorus in the toxicity of diet III cannot be
excluded, it may be assumed that phosphorus is not
the only factor involved. Furthermore, insofar as
different experiments may be compared, the moder-
ate protein restriction of diet I had a beneficial ef-
fect similar to the phosphorus-free diet, and very
likely less side effects. The 14% protein diet pro-
vided the minimal requirements for normal rats, and
resulted in apparently less malnutrition than higher
protein diets, as far as growth was concerned.
Studying urea appearance in U rats fed various pro-
teins diets, Abitbol et al concluded that optimum
nitrogen balance was achieved by a 13% protein cal-
orie content (personal communication). The usual
protein diets for rats [19] have a higher protein con-
tent and a higher toxicity in uremic rats despite their
beneficial effects in controls. Similarly, the proteins
usually consumed in developed countries is far
above the allowances needed, an excess which may
have adverse effects in chronic renal insufficiency
despite their well-known beneficial effect on growth
in normal human beings.
Finally, there is some evidence that loading of so-
dium [20], phosphorus [25], and protein [16, 20] re-
sults in accelerated renal deterioration in rats with
reduced kidney mass. So it may be hypothetized
that any osmotic load would share these deleterious
effects. Whether high-protein diet acts by protein
toxicity, osmotic load, or any additional mechanism
requires further investigation.
In conclusion, the protein content of the diet used
in rats with moderately impaired renal function ap-
pears to be critical for growth as well as for preser-
vation of renal function. A limited but still physio-
logic protein diet had beneficial effects on growth
and survival of uremic rats. A deficient protein diet
with adequate essential amino acid content, as used
previously [7], was consistent with a normal
growth, low protein intake, and low BUN concen-
trations. Its long-term effect, however, has not yet
been tested. Conversely, any increase in protein
diet above the minimal requirements was dele-
terious for growth and survival. The respective re-
sponsibility of proteins themselves and of associat-
ed electrolytes has not been defined, so that the
conclusion reached deals only with total, natural
proteins, as supplied by usual food. Higher allow-
ances in proteins only would require the use of syn-
thetic amino acid mixtures, or of bovine fibrin as the
source of total or supplementary proteins. The ben-
eficial effects and long-term tolerance of such diets
remain to be studied, and their acceptability by dis-
eased children is doubtful. At present, from the ex-
perimental data, it seems reasonable to prescribe
for children with renal insufficiency a moderately
restricted diet, avoiding any useless excess in pro-
teins and other osmotic substances, and securing
the minimal requirements.
Acknowledgments
This work was partially supported by the Associ-
ation pour l'Utilisation du Rein Artificiel, Paris. M.
Lacoste, F. Gros, and J. F. Dumat provided techni-
cal assistance. The technicians and assistants of
Professor Cartier's and Professor Bailly's laborato-
ries (Hôpital des Enfants-Malades) performed serum
analyses. B. Coupe and C. Lavigne provided type-
writing.
Reprint requests to Dr. C. Kleinknecht, INSERM Unite 30,
Hôpital des Enfants-Malades, 149 rue de Sèvres, 75730 Paris,
Cedex 15, France.
References
1. Sirvisiors JM, WILSON CJ, POTTER DE, HOLLIDAY MA: Re-
lation of calorie deficiency to growth failure in children on
hemodialysis and the growth response to caloric supplemen-
tation. N EngI J Med 285:653—656, 1971
Protein diet in uremic rats 541
2. CHANTLER C, HOLLIDAY MA: Growth in children with renal
disease with particular reference to the effects of calorie ma!-
nutrition: A review. Clin Nephrol 1:230—242, 1973
3. BROYER M, KLEINKNECI-IT C, LOIRAT C, MARTI-HENNE-
BERG C, Ro MP: Growth in children treated with long-term
hemodialysis. J Pediatr 84:642—649, 1974
4. KLEINKNECHT C, DARTOIS AM, GAGNADOUX MF, BROYER
M: Calorie, protein intake and growth in children with
chronic renal failure. Abst First mt Cong Nutrition Renal
dis, Wurzburg 1977, p. 41
5. BETTS PR, MAGRATH G: Growth pattern and dietary intake
of children with chronic renal insufficiency. Br MedJ 1:189—
193, 1974
6. CHANTLER C, LIEBERMAN E, HOLLIDAY MA: A rat model
for the study of growth failure in uremia. Pediatr Res 8:109—
113, 1974
7. Di.z M, KLEINKNECHT C, BROYER M: Growth in experi-
mental renal failure: Role of calorie and amino acid intake.
Kidney mt 8:349-354, 1975
8. ADELMAN RD, HOLLIDAY MA: Improved growth in growth
retarded uremic rats with use of calorie supplementation.
C/in Nephro/ 8:298-303, 1977
9. BETTS PR, MAGRATH G, WHITE RHR: Role of dietary ener-
gy supplementation in growth of children with chronic renal
insufficiency. Br Med J 1:416—418, 1977
10. RICHARDS P: Protein metabolism in uremia. Nephron
14:134—152, 1975
11. DELAPORTE C, BERGSTROM J, BROYER M: Variations in
muscle cell protein of severely uremic children. Kidney mt
10:239—245, 1976
12. KOPPLE JD, SWENDSEID ME: Protein and amino acid me-
tabolism in uremic patients undergoing maintenance hemo-
dialysis. Kidney mt 7 (suppl 2): S-64—S-72, 1975
13. COUNAHAN R, EL-BIsHTI M, Cox BD, OGG CS, CHANTLER
C: Plasma amino acids in children and adolescents on hemo-
dialysis. Kidney Ini 10:471— 477, 1976
14. DELAPORTE C, JEAN G, BROYER M: Free plasma and muscle
free amino acids in uremic children. Am J C/in Nutr 31:
1647—1651, 1978
15. Energy and protein requirements. Report of a joint FAO/
WHO Expert Committee, no. 52/522, Rome, FAO and WHO
Publishers, 1973, p. 87
16. WANG M, VYHMEISTER 1, KOPPLE JD, SWENSEID ME: Ef-
fect of protein intake on weight gain and plasma amino acid
levels in uremic rats. Am J Physiol 230:1455—1459, 1976
17. RAMA RAO PB, CHALAM METTA V, CONNOR JOHNSON B:
The amino acid composition and the nutritive value of pro-
teins: I. Essential amino acid requirement of the growing rat.
J Nutr 69:387— 391, 1959
18. PAWLAK M, PION R: Utilisation des acides aminés du
tournesol pour Ia croissance du rat. Ann BioI Anim Biochem
Biophys 10:317—322, 1970
19. Dietary standards for laboratory rats and mice. Laboratory
animal Handbooks 2, edited by COATES ME, O'DONOGHUE
DN, DAYNE PR, WARD RJ, London laboratory Ltd 1969, p.
13
20. PENNISI AJ, WANG M, KOPPLE J: Effects of protein and
amino acid diets in chronically uremic and control rats. Kid-
ney Jut 13:472—479, 1978
21. LALICH JJ, BURKOLDER PM, PAlE WCW: Protein overload
nephropathy in rats with unilateral nephrectomy. Arch
Pathol 99:72—79, 1975
22. KENNEDY GC: Effects of old age and overnutrition on the
kidney. Br Med Bull 13:67—70, 1957
23. BRAS G, Ross MH: Kidney disease and nutrition in the rat.
Toxic Appi Pharmacol 6:247-262, 1964
24. MCKAY EM, OLIvER J: Renal damage following the inges-
tion of a diet containing an excess inorganic phosphate. J
Exp Med 61:319—336, 1935
25. IBELS LS, ALFREY AC, HAUT L, HUFFER WE: Preservation
of function in experimental renal disease by dietary restric-
tion of phosphate. N Engl J Med 298:122-126, 1978
26. DAY HG, MCCOLLUM EV: Mineral metabolism, growth and
symptomatology of rats on a diet extremely deficient in
phosphorus. J Biol Chem 130:269—283, 1939
27. COLEMAN RD, BECKS H, VAN NOUHUYS KOHL F, CoPP DH:
Skeletal changes in severe phosphorus deficiency of the rat.
Arch Pathol 50:209-232, 1950
